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No research has been conducted on the radiation inﬂuence of tobacco on the alimentary system,  
although there have been some previous works on the respiratory system.  In this study,  the radioac-
tive concentrations of 210Pb and 40K in a cigarette sample were ﬁrst measured.  The transfer factors of 
the nuclides from tobacco into smoke and solution (saliva and/or alcohol) were then examined.  
Moreover,  the radiation doses from smoke inhalation were also evaluated.  The radioactive concen-
trations of 210Pb and 40K in the cigarette tobacco were 0.01 and 0.3 Bq/cigarette.  Since this 210Pb activity 
and the 210Po activity previously reported for the same sample were comparable,  it can be concluded 
that there was a radioactive equilibrium between the 2 nuclides.  The observed transfer factor of 210Pb 
(12ｵ) into smoke was almost the same as that of 40K (15ｵ),  whereas the reported value for 210Po 
(60ｵ) was signiﬁcantly higher.  The radiation doses due to inhalation of cigarette smoke varied from 
organ to organ,  depending on the organotropic properties of the nuclide.  For example,  the kidneys,  
respiratory tract,  and spleen showed relatively high doses from 210Pb and 210Po.  The leaching rates 
indicated an inconsistent tendency related to solution types.  This result could suggest that alcohol 
drinking,  which is common in smokers,  does not especially enhance the leaching characteristics.
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igarette smoke is a complex mixture including 
more than 100 carcinogens [1].  Tar is mainly 
referred as a carcinogen,  although tar,  carbon mon-
oxide,  and nicotine etc.  are all commonly present in 
the smoke.  When a cigarette is smoked,  the sub-
stances are inhaled into the respiratory system or 
ingested into the alimentary system.  Thus,  smoking is 
a risk factor aﬀecting the occurrence and progression 
of several diseases,  including lung cancer,  chronic 
bronchitis,  angina pectoris,  myocardial infarction,  
gastric ulcer,  and duodenal ulcer.  The inﬂuences of 
chemicals in the cigarette smoke on the respiratory 
and alimentary systems have often been studied 
[2-4].
　 In addition to chemical substances,  tobacco con-
tains naturally occurring radioactive nuclides.  
However,  no research has been conducted focusing on 
the eﬀect of radionuclides in tobacco on the alimentary 
system,  although some previous works have examined 
their eﬀect on the respiratory system.  As long as 
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there is a possibility for such radionuclides to be dis-
tributed in the human body due to smoking,  radiation 
risk should be considered throughout the body from 
the perspective of radiation protection.  It is therefore 
important to assess to what extent radionuclides from 
smoking are distributed to major organs or tissues.
　 In the present study,  both the inhalation of radio-
nuclides their ingestion by means of dissolution into 
saliva were considered.  We ﬁrst measured the radio-
active concentrations of 210Pb and 40K in a cigarette 
sample.  210Pb and its progeny (210Po) in cigarette 
tobacco are considered to be 2 of the most important 
nuclides [5,  6].  In addition,  40K is quite familiar 
because it is signiﬁcantly included in plants and living 
bodies.  We therefore also determined how much 210Pb 
and 40K can be transferred from cigarette tobacco into 
smoke.  Lastly,  leaching tests were performed to 
estimate the transfer of the 2 nuclides from tobacco 
into saliva based on 2 scenarios: (1) normal smoking 
and (2) smoking with alcohol drinking.
Materials and Methods
　 Calculation of photon detection eﬃciency.
Gamma-ray spectrometry was performed using a high-
purity germanium (HPGe) detector for the measure-
ment of 40K and 210Pb in tobacco and leaching solution.  
The detection eﬃciency of the HPGe detector used 
was experimentally calibrated using standard gamma-
ray sources with an energy range of 88 (109Cd)－1836 
(88Y) keV.  Photon energy emitted from 210Pb (46.5 
keV) was out of the energy range of the calibration,  
although that from 40K (1461 keV) was within.  We 
therefore calculated the detection eﬃciency only for 
46.5 keV (210Pb) using a Monte Carlo simulation code,  
Electron Gamma Shower 5 [7].  Fig.  1 shows the 
detector geometry for calculation of the detection 
eﬃciency.  The sample geometry (e. g.  height,  density 
and sample container) diﬀered somewhat from mea-
surement to measurement.  The validity of the calcu-
lated detection eﬃciency is brieﬂy described in the 
Discussion section.
　 Radioactivity measurement of tobacco. A 
type of cigarette distributed in Japan was prepared for 
this study because its radioactivity is known to be 
relatively high [8].  Several tens of grams of the 
tobacco leaves extracted from the cigarettes were 
enclosed in a standard plastic (U8) container.  Gamma 
rays from 210Pb (46.5 keV) and 40K (1461 keV) were 
measured using a HPGe detector (GMX-15200,  
SEIKO EG&G,  Tokyo,  Japan).  The speciﬁc activity 
of the radionuclide (A (Bq/g)) can be expressed as
　　　A＝ S － Sb 1 ,t tb εγεeW
 (1)
where S is the area of the peak of the gamma-ray of 
the sample,  Sb is the area of the peak of the gamma-
ray of background,  t is the measurement time of the 
samples,  tb is the measurement time of the back-
ground,  εγ is the branching ratio of the gamma ray 
[9],  εe is the detection eﬃciency of the detector,  and 
W is the sample weight.
　 Measurement of transfer factor of radionu-
clides from cigarette tobacco into smoke.
Tobacco samples from approximately 100 cigarettes 
were smoked to determine the transfer factor of 210Pb 
and 40K from the tobacco into smoke.  After smoking,  
the cigarette ashes and butts were collected and their 
radioactivities were then measured with the HPGe 
detector.  The transfer factor (T) of each radionuclide 
is given by
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Fig. 1　 Geometry of high-purity germanium detector with a sam-
ple.
　　　T＝R－Rsmoked×100 (ｵ) ,R  (2)
where R and Rsmoked are the radioactivities (Bq) per the 
raw and smoked cigarettes,  respectively.
　 Leaching of radionuclides from tobacco.
Ethanol and/or saliva with a volume of approximately 
1L was ﬁrst brought to 37℃.  Several tens of grams 
of the tobacco leaves were then put in the solution 
with a volume of approximately 1L.  After shaking at 
37℃ for 2h to leach radionuclides,  the leachate and 
tobacco were carefully separated.  210Pb and 40K within 
the leachate were measured using the HPGe detector.  
The leaching rate of each radionuclide is given by
　　　L＝Rleached×100 (ｵ) R  (3)
where R and Rleached are the radioactivities (Bq) in the 
raw cigarettes used and the leachate,  respectively.
Results and Discussion
　 Fig.  2 shows the ratios of the detection eﬃcien-
cies between the calculation and the calibration 
experiment.  In the energy range from 80 to 120 keV,  
the calculated values were somewhat higher than the 
measured values.  However,  the ratio was lowered 
with decreases in the photon energy.  Consequently,  
the value of the extrapolated line at 46.5 keV (210Pb) 
corresponds to 0.98.  Thus,  it can be veriﬁed that in 
the present work,  the Monte Carlo simulation worked 
very well to estimate the detection eﬃciency of the 
gamma ray emitted from 210Pb.
　 The radioactive concentrations in the tobacco 
sample are presented in Table 1.  The concentration 
of 40K was much higher than that of 210Pb.  Our mea-
sured 210Pb concentration was comparable to that of 
210Po for the same sample reported by Takizawa et al.  
[8],  implying that suppression of the radionuclides in 
the tobacco has not occurred and that there is radio-
active equilibrium between 210Pb and its decay product 
210Po [5].
　 The smoking transfer factors of both 210Pb and 40K 
were very similar,  as seen in Table 1.  These values 
were lower than approximately 60ｵ for 210Po [8].  
This may be because 210Po has a volatilization tem-
perature much lower than those of 210Pb and 40K [5].  
Not only 210Po but also 210Pb and 40K,  however,  can be 
expected to play a role in internal radiation exposure 
from the inhalation of cigarette smoke.  We therefore 
assessed the annual committed eﬀective dose from 
each radionuclide using inhalation dose coeﬃcients 
established by the International Commission on 
Radiological Protection (ICRP) [9],  i. e.  1.1 and 
3.3µSv/Bq for 210Pb and 210Po,  respectively: the dose 
coeﬃcient for 40K is not given there.  The eﬀective 
dose (E (Sv)) was calculated as the following formula:
　　　E＝T×I×F×C×R×t,  (4)
where T is the transfer factor from the tobacco to 
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Table 1　 Radioactivities of 210Pb and 40K in the tobacco sample, their transfer factors into smoke and annual committed eﬀective doses 
due to smoke inhalation
Tobacco leaf Smoking transfer  
factor (％)
Eﬀective dose 
(μSv/year)(Bq/g) (Bq/cigarette)
210Pb 0.018±0.001 0.012±0.001 11.8 5.7
 40K 0.483±0.013 0.339±0.009 15.4 -2)
210Po1) 0.020±0.002 0.015±0.001 60.3 108.9
1)For reference,  the values for 210Po reported in Ref.  [8] are exhibited.
2)The eﬀective dose cannot be estimated because of no dose coeﬃcient for 40K given by ICRP [9].
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Fig. 2　 Comparison of detection eﬃciencies between Monte 
Carlo simulation and calibration experiment.
smoke (－),  I is the ratio of inhaled smoke to total 
generated smoke (＝0.5),  F is the inhalation dose 
conversion factor (Sv/Bq),  C is cigarette consump-
tion (＝20 cigarettes/day),  R is the radioactive con-
centration of 210Pb or 210Po (Bq/cigarette),  and t is the 
duration of smoking (＝365 days).  Although the eﬀec-
tive doses are 5.7 to 108.9 μSv/year (Table 1),  the 
doses may change depending on the smoking habit.
　 Table 2 represents the annual committed equiva-
lent doses for an individual with the above smoking 
habit (i. e.  20 cigarettes/day),  which were calculated 
using dose coeﬃcients by ICRP [9].  It can be con-
ﬁrmed that for both nuclides,  the doses to kidneys,  
respiratory tract,  and spleen are much higher.  In 
addition,  the doses to the bone surface from 210Pb and 
liver and red marrow from 210Po are also greater than 
the others.  These trends may be due to the organo-
tropic properties of each nuclide,  although the deposi-
tion of cigarette smoke is the main cause of the high 
dose to the respiratory tract.
　 The leaching rates of 210Pb and 40K from the 
tobacco into solution are listed in Table 3.  The radio-
nuclides were dissolved within the range of the leach-
ing rates of 16.2-60.6ｵ,  except for 210Pb,  which was 
leached into ethanol,  saliva,  and distilled water 
(0.45：0.1：0.45).  For both nuclides,  however,  the 
results indicated an inconsistent tendency depending on 
the solution type,  although this inconsistency cannot 
be reasonably explained.  In general,  smokers often 
drink alcohol.  Our results suggest that such lifestyle 
habits may not enhance the leaching of the radionu-
clides.  The leaching times in the present experiment 
(2h) are much longer than those in actual smoking 
situations (e. g.  several seconds).  Consequently,  
smokers may ingest radionuclides from the tobacco 
through the saliva and/or liquor at much lower levels,  
by several tens of percentages,  than indicated in the 
present results.  In the next stage,  a practical experi-
ment should be carried out to more accurately esti-
mate the leaching rates: namely,  the dissolution of 
cigarette particles into saliva should be attempted.  
Such research would be helpful to assessing the inter-
nal radiation dose from the ingestion of natural radio-
nuclides due to smoking.
References
 1. Borgerding M and Klus H: Analysis of complex mixtures-Cigarette 
smoke.  Exp Toxicol Pathol (2005) 57: 43-73.
 2. Wynder EW and Wright G: A study of carcinogenesis.  Cancer (1957) 
10: 257-271.
 3. Packard RS: Smoking and the alimentary tract: A review.  Gut 
(1960) 1: 171-174.
94 Acta Med.  Okayama　Vol.  65,  No.  2Nagamatsu et al.
Table 3　 Leaching rates of 210Pb and 40K from the tobacco leaf 
into ethanol, saliva, and distilled water
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(％)
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Bone Surface 6.9×10－5 7.7×10－6
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